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Why Is there a growth in biotherapeutics?
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MW ~ 6000 Da

51 amino acids
e.g. Lantus

Erythropoietin (EPO)
MW ~ 18000 Da

165 amino acids
e.g. Eprex

MW ~ 145000 Da

> 1300 amino acids
e.g. Humira
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Complexity and Heterogeneity of Biological Drug Substances

Substantial increase of structural complexity with size

Light chain Pyroglutamate formation
Biotechnological production (cell culture, fermentation) Heavy chain from Glu and GIn
Often functional requirement for post-translational modifications / {?J
Structural complexity provides a high degree of freedom for
modification and variation (micro-heterogeneity) C>‘
- Inert to the production in a biological system e
mADbs
- Related to processing, storage, sample handling ... MW ~ 145000 Da .
> Risk to impact safety and efficacy for the patient > 1300 amino acids s Asn-Deamidation
e.g. Humira Isomerization (Asp)
o — N-glycosylation
\ OH L-Tryptophan Methionine — Glycovariants
N oxidation _)? ig ?
JVQ)\OO Ibuprofen 0% Disulfide-bridge
e formation
Typical Insulin Erythropoietin (EPO) : : — scrambling,
Pharmaceutical MW ~ 6000 Da MW ~ 18000 Da Lysine truncation free Cysteine
MW ~ 200 Da 51 amino acids 165 amino acids on. Deleti Mutation i
e.g. Ibuprofen e.g. Lantus e.g. Eprex % Ins_ertlon,. eletion or Mutation in
amino acid seguence
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Workflows

* Peptide mapping:

Thermo Scientific™ Thermo Scientific™ Thermo Scientific™ Vanquish™ Thermo Scientific™ Thermo Sclentific™
SMART Digest™ Kits KingFisher™ Duo Prime and Acclaim™ Vanquish™ Q Exactive™ Blopharma BioPharma Finder™
Purification System 120 C18 Column Platform Integrated Software
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* Peptide Quantitation:

Thermo Scientific™ Thermo Scientific™ Thermo Scientific™ Vanquish™ Thermmo Scientific™ Thermo Scientific™
SMART Digest™ Kits KingFisher™ Duo Prime and Acclaim™ Vanguish™ TSQ Altis™ Triple Quadrupole  Chromeleon™ Chromatography
Purification System 120 C18 Colurmn Mass Spectrometer Data System (CDS) Software
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Peptide Mapping Workflow in Biotherapeutic Characterization
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Peptide Mapping Workflow in Biotherapeutic Characterization

Amino acid sequence
Type and site of Modifications
Abundance

SN Principal workflow shared with:
w% — Targeted biomarker quantification

— Bottom-up Proteomics
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protein peptides

_/65_/65./650

Sample preparation Separation (LC, MS) Data processing & evaluation
and proteolytic digestion  and Detection (MS; MS?)




Traditional Digestion Processes are Inefficient and Introduce Error

““Reduction

Q

Oostor
[ ]

°!‘" Enzyme
.. Primary structure
= Secondary structure (H bonding
= Tertiary structure (disulphide bonding)
? Alkylating agent
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What's the pain point?

% of Respondents
0 5 10 15 20

25

30

Sample Preparation I I I
Data Processing 21
Digestion 12
Chromatography 10
Detection 10
Reporting 3

Compliance 3

How can this pain be eased?
A workflow that is faster, more reliable, reproducible and easy to use
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Peptide Mapping Analysis Has Multiple Bottle Necks

e Lengthy multi-step protocols

* Process-induced PTMs

e Reproducibility

e Throughput/speed

* Method development ease




Sample Preparation Challenges for Bottom-up Analysis of Proteins

Input quality

- Effort and time consuming

* Labour intensive, multi-step sample preparation,
with little standardization

* Handling of toxic and alkylating reagents

* QOvernight digestion causes delay of results

Variability in digestion

Different protocols and operators produce different results

Lack of reproducibility — Leading to a lack of data confidence

Not readily amenable to high throughput workflows

Difficult to automate

Output quality /Quantity
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Make up reagents: 8M Urea,
DTT, lodoacetamide, Trypsin

Perform protein quantification
Denaturation in 8M Urea

Reduction of disulfide bridges;
30-60 min

Alkylation of cysteines; 30 min

Quenching of excess
lodoacetamide; 15 min

Dilute to 1 M Urea

Add Trypsin to vial and
digest overnight

Spin to remove particulates

Extract peptides with SPE



Immobilized Heat Stable Enzyme: Reproducible Protein Digestion in Minutes

« SMART Digest is a heat-stable immobilized enzyme digestion Kkit;
» Proteins are heat-denatured for digestion,
« Additional denaturing agents or reduction and alkylation is not required

* High-throughput and automation-compatible formats
* 96 X PCR tubes pre-packed with resin

e Bulk resin format
_ _ Immobilized, heat-stable trypsin \ /
« Magnetic Bulk resin format (inactive at room temperature) —l
I/

« Additional post digestion clean up options:
* 96 well filter plate
 SOLAU SPE plate

Biotherapeutic
or

o—— Biomarker
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Optimized Thermo Scientific SMART Digestion at Key Steps

Optimize
solvation
conditions

Simultaneously
denature using
heat

 Save time

« Reagent prep/denaturation,
reduction/alkylation

o Simplify
* Fewer steps
* Fewer reagents
* Increase sensitivity

* Increase robustness
 Stable, reproducible activity

12
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Reduced Solvent Effects with Thermo Scientific SMART Digestion

-~ Enzyme |~ Solubility |
Denaturation J —Diffusion —

Trypsin truncation site

A Effect of buffering ion B Effect of salt concentration E Effect of detergents
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Relieve the Effects of Detergents and Chaotropes - Denaturation

Chemical Name EINECS No. Kit Component Weight %
" Enzyme | Solubility [ e E

m Glycerol 56-81-5 200-289-5 2 < 20%
' Tris Base 77-86-1 201-064-4 2 < 10%
Tris-HCI 1185-53-1 214-684-5 2 < 10%
Calcium Chloride  10043-52-4 233-140-8 2 < 10%
Sodium Azide 26628-22-8 247-852-1 2 <0.1%
C Effect pf pH D Effect of chaotropes
1400000 1400000
1200000 1200000
1000000 1000000
g A00000 Eé BOO000
G00000 GOO000
400000 400000
200000 200000
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Accelerate Digestion for Peptide Mapping and Targeted MS Analysis

N @A ‘ e, @G

Denaturation Proteolytic digestion preparation

Online de-salting
SPE

Enzyme source and mod.
temperature, buffer, pH ...

Chaotropes,
Reduction, alkylation

Options for acceleration
* Enzyme immobilization IZ> Independent of E:S ratio

Reagent-free denaturation<j| « Heat —> Reduced enzyme autolysis
—> No additional steps * Microwave —> Easy enzyme
—> No chaotropes * Ultrasound removal after digestion
—> No reduction and alkylation * Infrared (IR) —>  Allows to use enzyme
- Solvents and in excess to substrate

— No handling of alkylating

substances surfactants
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Add Trypsin to vial and
digest overnight

Spin to remove particulates

Extract peptides with SPE


http://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRxqFQoTCPfM5oDSv8gCFccDGgodxLEPfw&url=http://cliparts.co/stopwatch-image&bvm=bv.104819420,d.d2s&psig=AFQjCNEddecJk6spStlz5ofte8sK8M7WPg&ust=1444832322606495
http://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRxqFQoTCPfM5oDSv8gCFccDGgodxLEPfw&url=http://cliparts.co/stopwatch-image&bvm=bv.104819420,d.d2s&psig=AFQjCNEddecJk6spStlz5ofte8sK8M7WPg&ust=1444832322606495
http://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRxqFQoTCLbemqrSv8gCFQYwGgodRPIIIg&url=http://www.pagetraffic.com/seo-consultant.php&bvm=bv.104819420,d.d2s&psig=AFQjCNExWYINYJyEwat_U2yCYsa_NQp4xw&ust=1444832392023093
http://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRxqFQoTCLbemqrSv8gCFQYwGgodRPIIIg&url=http://www.pagetraffic.com/seo-consultant.php&bvm=bv.104819420,d.d2s&psig=AFQjCNExWYINYJyEwat_U2yCYsa_NQp4xw&ust=1444832392023093
http://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRxqFQoTCLbemqrSv8gCFQYwGgodRPIIIg&url=http://www.pagetraffic.com/seo-consultant.php&bvm=bv.104819420,d.d2s&psig=AFQjCNExWYINYJyEwat_U2yCYsa_NQp4xw&ust=1444832392023093
http://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRxqFQoTCLbemqrSv8gCFQYwGgodRPIIIg&url=http://www.pagetraffic.com/seo-consultant.php&bvm=bv.104819420,d.d2s&psig=AFQjCNExWYINYJyEwat_U2yCYsa_NQp4xw&ust=1444832392023093
http://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRxqFQoTCLbemqrSv8gCFQYwGgodRPIIIg&url=http://www.pagetraffic.com/seo-consultant.php&bvm=bv.104819420,d.d2s&psig=AFQjCNExWYINYJyEwat_U2yCYsa_NQp4xw&ust=1444832392023093
http://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRxqFQoTCLbemqrSv8gCFQYwGgodRPIIIg&url=http://www.pagetraffic.com/seo-consultant.php&bvm=bv.104819420,d.d2s&psig=AFQjCNExWYINYJyEwat_U2yCYsa_NQp4xw&ust=1444832392023093
http://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRxqFQoTCLbemqrSv8gCFQYwGgodRPIIIg&url=http://www.pagetraffic.com/seo-consultant.php&bvm=bv.104819420,d.d2s&psig=AFQjCNExWYINYJyEwat_U2yCYsa_NQp4xw&ust=1444832392023093
http://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRxqFQoTCLbemqrSv8gCFQYwGgodRPIIIg&url=http://www.pagetraffic.com/seo-consultant.php&bvm=bv.104819420,d.d2s&psig=AFQjCNExWYINYJyEwat_U2yCYsa_NQp4xw&ust=1444832392023093
http://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRxqFQoTCLbemqrSv8gCFQYwGgodRPIIIg&url=http://www.pagetraffic.com/seo-consultant.php&bvm=bv.104819420,d.d2s&psig=AFQjCNExWYINYJyEwat_U2yCYsa_NQp4xw&ust=1444832392023093
http://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRxqFQoTCLbemqrSv8gCFQYwGgodRPIIIg&url=http://www.pagetraffic.com/seo-consultant.php&bvm=bv.104819420,d.d2s&psig=AFQjCNExWYINYJyEwat_U2yCYsa_NQp4xw&ust=1444832392023093
http://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRxqFQoTCLbemqrSv8gCFQYwGgodRPIIIg&url=http://www.pagetraffic.com/seo-consultant.php&bvm=bv.104819420,d.d2s&psig=AFQjCNExWYINYJyEwat_U2yCYsa_NQp4xw&ust=1444832392023093
http://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRxqFQoTCLbemqrSv8gCFQYwGgodRPIIIg&url=http://www.pagetraffic.com/seo-consultant.php&bvm=bv.104819420,d.d2s&psig=AFQjCNExWYINYJyEwat_U2yCYsa_NQp4xw&ust=1444832392023093

:

+ 150 pL

Add 150 pL of
to the SMART Digest

Add 50 L of sample to the
SMART Digest tube (final

Set your heatershaker o
70 *CA400 BPM, allow to

Remove the SMART Digest
tubre from the heater'shaker

H——T—T—T—T—T—T—T—T———T—T—
2808 &F BE SR 128 S WS W H IR R I S R RS
Trpey

Analyze sample.

tube. volume of 200 pL per sampla). equlilibrate for & minutes. and perform one of the sample
Then add yvour samples for the cleanup methods based on
required time for digestion. the complexity of your starting
et e,
Mote: Bafar to the Digastion Mote: Rafar to the Post
Optimization Saction. Digestion Procass.
16 ThermoFisher
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Accelerated Protein Digestion

Native IgG Digest Profile
monitoring VVSVLTVLHQDWLNGK

250000

3
= 200000 = = -
- n
S =
o 150000 #50°C
& u 4 60°C
c
8_ 100000 m/0°C
O
% A

50000 A A A

A
0 * * T * ’ * T * !
0 20 40 60 80 100

Digest Time (minutes)

* Vermeer & Norde (2000), Biophysical Journal 78: 394 — 404
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ldentification of Oxidation and Deamidation

A Oxidation, n=12
35 B Deamidation, n=7
10
M:319+Deamidation
30 o g
_* W106+0xidation
f,/’ 8
25 'V
lll'I T
= ;": = /
8 20 g b /
L / = /
E / £5 /
= = /
z 15 /
o ! - f
o = - *
10 / ¢ g e N388-+Deamidation
;"'f ) - . . N136-+Deamidation
5 ..___._,.-'"f _____——-'H .u"I o
e __i - ______--n'__— .'ll e
« ——9 e - ‘__ M256+Oxidation 1 i = s > — &~ g N290-+Deamidation
. B — l M21+Oxidation ) ..-—--"' . . e N33+Deamidation
SMART SMART SMART SMART h— In- SMART SMART SMART SMART In- In-
Digest, Digest, Digest, Digest, Solution,  Solution, Digest, Digest, Digest, Digest, Solution, Solution,
15 min 30 min 45 min 75 min Urea Heat 15 min 30 min 45 min 75 min Urea Heat
n=3 n=3 n=3 n=1 n=1 n=1 n=3 n=3 n=3 n=1 n=1 n=1
ThermoFisher
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Chaotropes Reduce Accuracy in Quantitation

6.0E+04 6.0E+04

5.0E+04 5.0E+04

4.0E+04 [ 4.0E+04

3.0E+04 3.0E+04

Guanidine HCI a Urea

2 2.0E+04 o 2.0E+04
" 10E404 | 1.0E404

0.0E+00 " 5 0E+00 \

5 6 7 8 9 10 5 6 7 5 5 10
Time/mins Time/mins

Denaturing agents alter the way digestion products behave during detection

19 ThermoFisher



2.50E+05

2. 00E+05%

1.50E+05

1.00E+05

5.00E+D4

0.00E+DOD

1.20E+05 -

1.00E+0S5 -

8.00E+04

E.00E+D4

4 POE -+

2.00E+04

O.00E+DD

M Urea 50 pug BSA

« 11

&M Guanidine HCl 50 pg BSA

Denaturing Agents Have a Negative Effect on Digestion Reproducibility

Experimental Conditions
100 pl solution of 500 pg/ml of BSA
100 mM ammonium bicarbonate

22°C room temperature over 30
minutes.




Accelerated Protein Digestion

Trypsin digests within minutes

Carbonic Anhydrase, 29 kDa

Recommended digestion starting conditions for known proteins* digest time
Protein Digest Time (min) ]
Insulin 4 ]
BSA <bh 1
Carbonic anhydrase <b o —0min
Lysozyme <b ] ) : ‘(‘\
\ \ ‘/K j“\ “\ A A A .
Apo-B 30 L |V S NN _4\1“ S S ) VSN L A VO~ | VO | W 4 W I 5 min
lgG 45 .
IgG in 50 pL plasma 75 ] — 10 min
Ribonuclease A 150 3 — 20 min
Thyroglobulin 240 WMM%_J@LAAV_J\—
N o~ 1

C-reactive protein 240 ] — 30 min

: : ] — 60 min
* 200 pL protein solution (100 pg/mL);
IgG in plasma: 17.5 pug/mL I EEEEE————————————————————————————_—

15.0 17.5 20.0 225 25.0 275 30.0 325 35.0 37.5 40.0 42.5min
Temperature: 70°C
ThermoFisher
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Accelerated Protein Digestion

Trypsin digests within minutes Ribonuclease A, 13.7 KDa

Recommended digestion starting conditions for known proteins* ] digest time
Protein Digest Time (min)

Insulin 4 ’

BSA <b

Carbonic anhydrase <5 1 — O min
Lysozyme <b ] _
Apo-B 30 i N e e — 60 min
IgG 45 1

O S S — 90 min

lgG in 50 pL plasma 75 ]
Ribonuclease A 150 ] W —120 min
Thyroglobulin 240 ] —190 min
C-reactive protein 240 W

o —270 min

* 200 pL protein solution (100 pg/mL);
IgG in plasma: 17.5 pg/mL

Temperature: 70°C

* “Highly stable toward unfolding” Protein Eng. (2001) 14 (10): 791-796.
o “AmaZingly Stable” David Goodsell Protein Data Bank

ThermoFisher
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Reproducible Digestion User to User

Sample preparation:

| |
E High reproducibility digestion

user to user

Thermo Scientific™ Thermo Scientific™ Thermo Scientific™ Thermo Scientific™ Thermo Scientific™
SMART Digest™ Vanquish™ Flex  Acclaim™ 120 C18 Q Exactive™ Plus BioPharma Finder™
UHPLC column HRAM-MS informatics platform
280-
mAU
250] 7 independent digests of
. Rituximab, conducted by
200 individual operators
150 Digest time: 45 min (70°C)
LC-MS run time: 40 min
b Sequence coverage: 100%
o average %RSD (A < 3%
| J MJ\UUNLU_E
_5i| i i : i i i : i i i : i i i : i i i : i i i : i i i : Imin ,
2.7 4.0 6.0 8.0 10.0 12.0 14.0 160  17.0
»3 ThermoFisher
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Reproducible Chromatography and Digestion Results

|| : UHPLC:
G eZ High chromatographic reproducibility
e y
Thermo Scientific™ Thermo Scientific™ Thermo Scientific™ Thermo Scientific™ Thermo Scientific™
SMART Digest™ Vanquish™ Flex  Acclaim™ 120 C18 Q Exactive™ Plus BioPharma Finder™
UHPLC column HRAM-MS informatics platform
180 O | f13 : : HH \'$ m'\ﬂ\ cD (‘FQ m’ 7
mAU Vfl{f ay o . Retention time repeatability 08¢ o M o R 2 ,«"“w‘;;
replica-injecte : : 3 3315  0.082 NH -~ #8080 /
chromatograms for 13 Cpnsecutlve peptlde 9 5.231  0.065 -
separations 14 6532 0017
_ _ 15 6.937  0.023
- Vanquish Horizon UHPLC 19 10290 0.021

23 12.013  0.012
31 14.011  0.013
39 15.177  0.012
42 15589  0.010
51 17511  0.007
55 17969  0.011
61 18.546  0.010
83 20.798  0.010
85 21.095 0.012

MLAJ M 87  22.386  0.009
" min 103 26.155  0.009 Vanquish Horizon

— T T T T T T T T T T T T ] i 106 26.155 0.009 V. ish El
25 4.0 6.0 8.0 10.0 12.0 14.0 16.0 18.0 20.0 220 240 26.0 280 300 31 109 27.529 0.010 aanIS ex

- Acclaim 120 C18 (2.2 um, 2.1x250 mm)

o4 ThermoFisher
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Customer Need: Method Transfer from LC-MS to LC-UV for a Biotherapeutic

" Biologic need Peptide
Analytical Characterizing |ldentification by
Development (Sequence/PTM) MS and MS/MS

v

Sequence and CQA

ouali Identified Identification QA/QC
uality confirmed through * In-Process Control
Control LC-UV Method comparison to . Baich Release

Development and
Validation

reference sample «  Stability Studies

25



Confidence In Digestion Results with HRAM

High Resolution Accurate Mass -

E Providing confidence in results

]
I i'ii"“" ~
Thermo Scientific™ Thermo Scientific™ Thermo Scientific™ Thermo Scientific™ Thermo Scientific™
SMART Digest™ Vanquish™ Flex  Acclaim™ 120 C18 Q Exactive™ Plus BioPharma Finder™
UHPLC column HRAM-MS informatics platform
Wrong Answer for Both Peptides Right Answer for Both Peptides
\F\;P _ 15’000 N:) — 56,700
=~
100! 516.77581 (observed) 100- 516.76671 _—516.78490
80 1 80 A
260 £ 601
g 516.76671 516.78490 g
£ (correct) (correct) £
40 1 40
20 - 20
0 | | [ ) - [ | | 0 | | IJ \I | |
51665 51670 51675 51680 51685 51690 51665 51670 51675 51680 51685 51690
Mass [amu] Mass [amul]
Peptide mixture: [Val®]-Angiotensin Il Lys-des-Arg®-Bradykinin
Sequence: DRVYVHPF KRPPGFSPF
Formula: C49H69N13012 C50H73N13011
E’,f‘i;’r?qisf' (s 2] = 51676671 [Nr+2H* = 516.78490 Joshua J. Coon, et al. ASMS 2012 oral, MOB pm

o6 ThermoFisher
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100% Sequence Coverage of a Monoclonal Antibody Light Chain and Heavy Chain

2 44-52
Light Chain (1)
Heavy Chain (2)

 Inflixumab

2 90-100/1 62-107

2413417
/ 1-19-24/1:62-107
1 148-148
7 / EFr
105 [ 1208211 2 137.150/2.161-213

/ ) 25582 -

1:1-11 -
P S - > e

7 18 19

. :_.-: /.-‘/:JJGJG: 1y 4 .
I i a4 4 Fl g 10 1 LF4
RT (rmwnj
Sequence Coverage: ‘IOC_)%_- )

rnl»?:dl\clnr va‘u"u\‘

Saqusnce Covsrage 10096 L:ght Cham
| : . — : = =

%

n")\\-(_,q\ll\l?"!-

Heavy Chaiﬂ

il iiaddiVerie
4 .
KsSs/Nsa NYAFSVEGEF PSRFSOSOSGTDFT NTYESED
NE YO T IO NOGE
e T -_ !
B rr PRIV Y awWNEOAL T EOV: i ; Le
s - L TLTL IEADYERNKYYACEY T RGO
T - o - —
) T Er
Y — I =3
Colnrcodrfnr

P S i
L I I NOOW I NOKF YECK VS NE 4L
- —v3

"""”"irn\ i L L —
"”ul|‘. -
- Lsrogx
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Thermo Scientific SMART Digest — Automation

The world leader in serving science



Easy Automation of Digestion

Magnetic Particle

BINDIT SOFTWARE 3.3.1
Iron Core Bt

Ea— —,n

Capsulation

Functionalized Coating

Magnet

Thermo Scientific™ KingFisher™ |
purification systems: Tip com

}. Bead
transfer

* Only the magnetic beads are transferred
» High-speed purification / E W
« Contaminants are left behind Complementary wf
- High-quality, concentrated samples e S =
¢ Operator-independent Incubation Collection Mixing Elution
» Utmost reproducibility (wash)

I 29 ThermoFisher



Immobilized Heat Stable Enzyme: Reproducible Protein Digestion Within Minutes

« SMART Digest is a heat-stable immobilized enzyme digestion Kkit;
» Proteins are heat-denatured for digestion,
« Additional denaturing agents or reduction and alkylation is not required

* High-throughput and automation-compatible formats
* 96 X PCR tubes pre-packed with resin

e Bulk resin format
_ _ Immobilized, heat-stable trypsin \ /
« Magnetic Bulk resin format (inactive at room temperature) —l
I/

« Additional post digestion clean up options:
* 96 well filter plate
 SOLAU SPE plate

Biotherapeutic
or

o—— Biomarker
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Increased Sensitivity for Targeted MS Analysis

Confident detection of biomarkers with high sensitivity within a wide dynamic range

Case study: Thyroglobulin in plasma

4500

35000 | LGDQEFIK - 475.4 A A
4000 A
30000 - 350000 - 696y + 75117
: . y = 76.26x + 751.
25000 - ®in solution 300000 - R2=0.9977 3500 A
© m SMART Digest 3000
’<E 20000 - I
< 250000 - S oo
© 15000 - 2 <
& S 200000 - x~ A *475.4
10000 - 9 $ 2000 1 ry o 06045
- D_ .
5000 - g 150000 1500 * * A636.5
0 100000 - 1000 hd
o O
475.4 604.5 636.5 50000 I e 0
Precursor lon (m/z) o (ONNG)
0 T T T T 1 0 T T 1
Measurement of serum Thyroglobulin after 0 1000 2000 3000 4000 5000 0 100 200 300
tryptic digestion of serum samples Concentration in plasma (ug/mL) Digestion Time (minutes)
SMART Digest: 25% plasma, 3.5 h digestion
in-solution digest: 20% plasma, R/A, 4 + 16 h digestion Calibration curve for thyroglobulin signature peptide Digestion time curve (70°C)
Clarke et al. (2012), J. Investigative Medicine, 60(8) in murine plasma (4 — 4000 pg/mL)
ThermoFisher
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Immuno Affinity Capture and Digestion in One

Combination of heat-stabile, immobilized trypsin with affinity capture: SMART-Digest Streptavidin
SMART-Digest Protein A

SMART-Digest Protein G

: 27
A —
NHH/\}) r, .\\ Biotherapeutic

rrrrrr

Biomarker quantitation is a challenging task:

Many biomarker proteins are present at low levels

Samples are typical body fluid matrices and matrix immobilized ﬁ biomarker
interferences are common. Streptavidin \) (’
A Biotinylated
Immunoaffinity capture is an established and \g// i capture antibody

effective protein concentration technique ... —€ anti-biomarker Ab

o cleaner sample
? increased sensitivity

... But it adds a labor intensive step to the protocol . N
immobilized

Protein Aor G
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Immuno Affinity Capture and Digestion in One

. . . - T immobilized, heat-stabile o’
SMART Digest immunoaffinity kits: Trypsin (inactive at RT) L ,_zl‘g
. .. . . . pH [ \ . .

« Combine affinity capture & digestion protocols into PP ) Eiotherapeutlc

a single process i

Jep immobilized biomarker

* Enables: Streptavidin

» Faster sample processing 3-4 hrs Biotinylated

capture antibody

ﬂ*— Anti-biomaker Ab
N\

* High throughput
e Greater ROI

« Compatible with automation systems (Kingfisher)
due to magnetic bead design

» Greater applicability to high throughput

establishments immobilized

Protein Aor G
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Immuno Affinity Capture and Digestion in One

Combination of heat-stabile, immobilized trypsin with affinity capture: SMART-Digest Streptavidin
SMART-Digest Protein A
SMART-Digest Protein G

Expose biotinylated  1-2 h, room temperature

SMART digest immunoaffinity kits: | | antibody to biological |
Conventional protein sample SMART Digest IA
« Combine affinity capture & digestion protocols into a  enrichmentand digestion LG Streptavidin
. ﬁ R —!
single process M m)( »* Ml
\/ \/
o . Incubate with affinity Incubate with
Enables: capture resin; &{;ﬁf‘ y / T—,ﬁ 4 affinity capture 5
« Faster sample processing 3-4 hrs wash an(f elute },% \)(/* \)f/* SMART Digest resin
. ] H;E~V~ o ‘
¢ ngh throughpUt conventional “ < JJVLd'
o tryptic digest MART digest
Greater ROI reduction with TECP: (70°C, 1 h)
« Compatible with automation systems (Kingfisher) due aﬁ(‘;jt‘i’o‘:'wﬁﬁolx: “M
to magnetic bead design 30 min; RT, dark * v
) . ) quenching with ACC: 15 Total time:
. Great(_er applicability to high throughput d';;:;tﬂz 8\(’ 3.4 h
establishments 1216 h; 37°C S
Total tim{é: 15-24 h
ThermoFisher
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Immuno Affinity Capture and Digestion in One

Combination of heat-stabile, immobilized trypsin with affinity capture: SMART-Digest Streptavidin
SMART-Digest Protein A

Test case:

Soluble plasma protein biomarker
Spike-in SIL peptide

Assay acceptance criteria:
+ 20% of nominal for accuracy at all levels

Assay range: 20 - 1000 ng/mL (Peptide A)
100 - 2000 ng/mL (Peptide B)

Method recovery

SMART Streptavidin
Digest IA agarose
: 7330
500 ng/mL spike: 2778 (cps
g/mL sp (cps) (cps)
% Recovery: 64% 35%

SMART-Digest Protein G

SMART Digest IA - Streptavidin

Calibration for Proprietary Biomarker: y = 1.45471e-4 % + 0.02017 (r = 0.59745) (weighting: 1/x)

0.7 4

0.6

0.5

0.4

Area Ratio

0.2

02

o1

0.0 4

o] 1000 2000

2000 4000

‘Concentration Ratio

Streptavidin agarose

Calibration for Proprietary Biomarker: v = 1.62456e-4 x + 7.87711e-4 (r = 0.89825) (weighting: 1/x)

0.8 4

074

064

054

044

Area Ratio

0.3

0.2

0.1

0.0

o 1000 2000 2000 4000
‘Concentration Ratio

Standard curve

Quality controls

Standard curve

Quality controls

(n=1) (n=4) (n=1) (n=4)
Actual Calc Actual Actual Calc Actual
Conc Accuracy Value | Conc CV  Accuracy Conc Accuracy Value | Conc CV  Accuracy
(ng/mL) (%) (ng/mL) | (ng/mL) (%) (%) (ng/mL) (%)  (ng/mlL) | (ng/mL) (%) (%)
125 93 116.5 125 104.7 131

250 107 266.3
500 106 531.1
1250 100 1247
2500 90 2251
5000 104 5212

250 11.5 90.2

1250 7.4 990.1

15-20 %RSD

250 90.0 225
500 108.8 544
1250 91.9 1149
2500 106.2 2654
5000 98.5 4922

250 145 111.2

1250 4.1 104.8

20-25 %RSD
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Immuno Affinity Capture and Digestion in One

Combination of heat-stabile, immobilized trypsin with affinity capture: SMART-Digest Streptavidin
SMART-Digest Protein A

SMART-Digest Protein G

_ SMART Digest IA - Streptavidin Streptavidin agarose SMART Digest
Test case: 6.46% () 2.4e* G immunoaffinity kits
5.0s4/ 2204
soluble plasma protein biomarker SIL std. SIL std.
. . . 50241 250 ng 1.8e4 1 250 ng | d
spike-in SIL peptide mprove
5 g 140 method recovery
assay acceptance criteria: g o o]
+ 20% of nominal for accuracy at all levels ~ 2™ T ]
0.2e4 o
. 1004 ] \)/0'4 e4 4000.0 1 ) similar
" - 2000.0 4 . -
assay range. 20 1000 ng/mL (peptlde A) 0-0:10}”‘42 44 46L48 50 52 M;rl&tl‘ 56 58 6.0 LE; 64 66 6.8 0-0!40 42 44 46 48 50 52 54 56 58 60 62 64 66 68 quantltatlve
S e R DA e R precision and

100 - 2000 ng/mL (peptide B)

accurac
6.4e4 2.4e4 y
Method recovery SIL std L 20
5.0e4 1250 ng " 1 Bed 1250 ng SlL Std.
SMART  Streptavidin _ aoe L up to 7 times
Digest IA agarose ;; o] . faster
3 2 104
2 £ 0.6e4
500 ng/mL spike: prs;()) 2778 (cps) T 20w /1'4 e4 R s
1.0e4 4000.0
% Recovery: 64% 35% N , fL ooy oo MM o
O 42 iE a5 52 5 56 58 60 52 64 65 68 00 0 45 44 46 40 E0 52 £4 56 58 60 62 64 66 60
Time, min Time, min
ThermoFisher
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Summary

Easier to use

Immobilized heat stable enzyme and _ |
immuno affinity sample preparation Highly reproducible
enable workflows which are:

Easy to automate

Sensitive




Thank You

Please return our survey to receive a drink ticket for our daily networking event where you can
continue discussions with our experts!

Visit Booth #2632

Join us Tuesday through =
Thursday from 3:30 — 5:00 p.m.

to collaborate with our technical experts

Redeem this ticket
for a complimentary beverage!
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